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DEFIBRILLATORS 

TECHNICAL FIELD 

This invention relates to defibrillators, and more particularly to automatic external 
defibrillators (AEDs). 

5 BACKGROUND 

Resuscitation treatments for patients suffering from cardiac arrest generally include 
clearing and opening the patients airway, providing rescue breathing for the patient, and 
applying chest compressions to provide blood flow to the victim's heart, brain and other 
vital organs. If the patient has a shockable heart rhythm, resuscitation also may include 
10 defibrillation therapy. 

There are many different kinds of abnormal heart rhythms, some of which can be 
treated by defibrillation therapy ("shockable rhythms") and some which cannot (non- 
shockable rhythms"). For example, most ECG rhythms that produce significant cardiac 
output are considered non-shockable (examples include normal sinus rhythms, certain 
15 bradycardias, and sinus tachycardias). There are also several abnormal ECG rhythms that 
do not result in significant cardiac output but are still considered non-shockable, since 
defibrillation treatment is usually ineffective under these conditions. Examples of these 
non-shockable rhythms include asystole, electromechanical disassociation and other 
pulseless electrical activity. Although a patient cannot remain alive with these non-viable, 
20 non-shockable rhythms, applying shocks will not help convert the rhythm. The primary 
examples of shockable rhythms, for which the caregiver should perform defibrillation, 
include ventricular fibrillation, ventricular tachycardia, and ventricular flutter. 

After using a defibrillator to apply one or more shocks to a patient who has a 
shockable ECG rhythm, the patient may nevertheless remain unconscious, in a shockable 
25 or non-shockable, perfusing or non-perfusing rhythm. If a non-perfusing rhythm is 

present, the caregiver may then resort to performing CPR for a period of time in order to 
provide continuing blood flow and oxygen to the patient's heart, brain and other vital 
organs. If a shockable rhythm continues to exist or develops during the delivery of CPR, 
further defibrillation attempts may be undertaken following this period of cardiopulmonary 

l 
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resuscitation. As long as the patient remains unconscious and without effective 
circulation, the caregiver can alternate between use of the defibrillator (for analyzing- the - 
electrical rhythm and possibly applying a shock) and performing cardio-pulmonary - 
resuscitation (CPR). CPR generally involves a repeating pattern of five or fifteen chest 
5 compressions followed by a pause during which two rescue breaths are given. 

Defibrillation can be performed using an AED. The American Heart Association, 
European Resuscitation Council, and other similar agencies provide protocols for the 
treatment of victims of cardiac arrest that include the use of AEDs. These protocols define 
a sequence of steps to be followed in accessing the victim's condition and determining the 
10 appropriate treatments to be delivered during resuscitation. Caregivers who may be 
required to use an AED are trained to follow these protocols. 

Most automatic external defibrillators are actually semi-automatic external 
defibrillators (SAEDs), which require the caregiver to press a start or analyze button, after 
which the defibrillator analyzes the patient's ECG rhythm and advises the caregiver to 
15 provide a shock to the patient if the electrical rhythm is shockable. The caregiver is then 
responsible for pressing a control button to deliver the shock. Following shock delivery, 
the SAED may reanalyze the patient's ECG rhythm, automatically or manually, and advise 
additional shocks or instruct the caregiver to check the patient for signs of circulation 
(indicating that the defibrillation treatment was successful or that the rhythm is non- 
20 shockable) and to begin CPR if circulation has not been restored by the defibrillation 
attempts. Fully automatic external defibrillators, on the other hand, do not wait for user 
intervention before applying defibrillation shocks. As used below, automatic external 
defibrillators (AED) include semi-automatic external defibrillators (SAED). 

Both types of defibrillators typically provide an auditory "stand clear" warning 
25 before beginning ECG analysis and/or the application of each shock. The caregiver is then 
expected to stand clear of the patient (i.e. stop any physical contact with the patient) and 
may be required to press a button to deliver the shock. The controls for automatic external 
defibrillators are typically located on a resuscitation control box. 

AEDs are typically used by trained medical or paramedic caregivers, such as 
30 physicians, nurses, emergency medical technicians, fire department personnel, and police 
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officers. The ready availability of on-site AEDs and caregivers trained to operate them is 
important because a patient's chances of survival from cardiac arrest decrease by 
approximately 10% for each minute of delay between occurrence of the arrest and the 
delivery of defibrillation therapy. . 
5 Trained lay caregivers are a new group of AED operators. For example, spouses of 

heart attack victims may become trained as lay caregivers. Lay caregivers rarely have 
opportunities to defibrillate or deliver CPR, and thus they can be easily intimidated by an 
AED during a medical emergency. Consequently, such lay providers may be reluctant to 
purchase or use AEDs when needed, or might tend to wait for an ambulance to arrive 
10 rather than use an available AED, out of concern that the lay provider might do something 
wrong. 

Some trained medical providers, e.g., specialists such as obstetricians, 
dermatologists, and family care practitioners, also rarely have the opportunity to perform 
CPR and/or defibrillate, and thus may be uneasy about doing so. Concerns about 
15 competence are exacerbated if training is infrequent, leading the caregiver to worry that he 
or she may not be able to remember all of the recommended resuscitation protocol steps 
and/or their correct sequence. 

Similarly, both medical and lay caregivers may be hesitant to provide CPR and 
rescue breathing, or may be unsure when these steps should be performed, particularly if 
20 their training is infrequent and they rarely have the opportunity to use it. 

SUMMARY 

The invention provides a graphical user interface for use with an AED. The 
graphical user interface includes a set of graphics that clearly indicate the steps that should 
be performed by a trained caregiver administering resuscitation to a victim of cardiac 

25 arrest. The graphics, which may be accompanied by audio prompts and/or other visually 
displayed messages, provide visual reminders that will assist and encourage trained 
caregivers who might not otherwise feel competent to perform cardiac resuscitation 
including the use of an AED. In the case of caregivers who are confident of their training 
and skills, the visual prompts may aid the caregiver in more quickly and efficiently 

30 performing the required steps in the resuscitation sequence. 

3 
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Iii one aspect, the invention features a defibrillator including: (a) electrodes 
configured to be attached to a patient, to acquire data indicative of the patient's heart 
rhythm and to deliver a defibrillating shock if appropriate; (b) a defibrillator control box : 
connected to the electrodes; and (c) on a portion of the defibrillator control box, a series of 
graphics configured to prompt a caregiver to perform a sequence of steps appropriate for 
treating a victim of suspected cardiac arrest . 

Some implementations of the invention may include one or more of the following 
features. The graphics include one or more of the following pictures: a picture configured 
to prompt the caregiver to check the patient for responsiveness, a picture configured to 
prompt the caregiver to call for emergency assistance, a picture configured to prompt the 
caregiver to open the patient's airway, a picture configured to prompt the caregiver to 
check the patient's pulse, a picture configured to prompt the caregiver to attach the 
electrodes to the patient, a picture configured to prompt the caregiver to stand clear of the 
patient, a picture configured to prompt the caregiver to press a treatment button to cause 
the defibrillator to administer a defibrillating shock, and a picture configured to prompt the 
caregiver to perform CPR. Preferably, the pictures illustrate how the steps are to be 
performed, e.g., how to open the patient's airway, where the electrodes should be attached, 
and how to perform chest compressions and rescue breathing. 

Generally, if the defibrillator is an SAED, the defibrillator will further include a 
treatment button configured to be pressed by the caregiver to cause the defibrillator to 
administer a defibrillating shock. The location of the treatment button may be indicated by 
a graphic, e.g., a heart symbol. 

In some implementations, the defibrillator further includes a light source associated 
with each of the graphics in the series. The defibrillator may include electronics 
configured to sequentially illuminate the light sources. The sequential illumination may be 
controlled by electronics configured to measure the time elapsed from the time at which 
the caregiver turned the power on to activate the defibrillator, at least some of the light 
sources being sequentially illuminated based on the elapsed time. Alternatively, or in 
addition, sequential illumination may be controlled by electronics configured to be 
preprogrammed with times for the illumination of the light sources, at least some of the 
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times being based on the time elapsed from (a) the time at which the previous light source 
in the sequence was first illuminated or (b) the time when a shock was delivered to the 
patient. The sequential illumination of some of the light sources may be controlled by 
electronics configured to acquire data from the electrodes, at least some of the light sources 
5 being sequentially illuminated based on the data acquired from the electrodes. The light 
sources may be illuminated based on an algorithm, e.g., an algorithm that takes into 
account one or more of the following items of data: (a) the time elapsed from the time at 
which the previous light source in the sequence was first illuminated, and/or (b) the time 
elapsed from the last time a shock was delivered to the patient, and/or (c) the results of 
10 ECG analysis. 

In some implementations, the defibrillator also includes electronics configured to 
provide audio prompts to the caregiver. The audio prompts may be timed in any of the 
manners described above with regard to the sequential illumination of the light sources. 
Generally, the audio prompts are associated with the series of graphics and are given 
15 sequentially to guide the caregiver through the sequence of steps, and the audio prompts 
are also associated with the sequential illumination of the light sources. 

At least some of the graphics may be provided on a cover portion of the 
defibrillator control box. These graphics may be provided on the inside and/or outside of 
the cover. If the graphics are provided on the outside of the cover, they may include a 

20 picture indicating that the cover should be removed from the defibrillator. The cover may 
include a space provided for local emergency information, e.g., a window behind which a 
card bearing local emergency information can be placed. 

The graphics may be provided in any desired manner, for example, in the form of 
backlit, translucent images, as an electronic display, or in the form of a decal. 

25 In another aspect, the invention features a system for prompting a caregiver in a 

resuscitation sequence for a patient who may be suffering from cardiac arrest. The system 
includes: (a) electrodes constructed to acquire data, indicative of the heart rhythm of the 
patient and indicative of whether the electrodes are properly placed on the patient, (b) a 
defibrillator control box, connected to the electrodes, constructed to analyze data received 

30 from the electrodes and to measure the time elapsed since the defibrillator control box was 
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activated by the caregiver and/or since the last shock was delivered to the patient; and (c) a 
user interface constructed to display information concerning the appropriate step of the 
resuscitation sequence to be performed by the caregiver at a particular time, based on the 
data received from the electrodes and the elapsed time. 

In yet another aspect, the invention features a defibrillator including: (a) electrodes 
configured to be attached to a patient, to acquire data indicative of the patient's heart 
rhythm and to deliver a defibrillating shock if appropriate; (b) a defibrillator control box 
connected to the electrodes; (c) a treatment button configured to be pressed by a caregiver 
to deliver a defibrillating shock, the location of the treatment button being indicated by a 
heart symbol; and (e) electronics configured to cause the heart symbol to be temporarily 
illuminated if a shock is advised based on ECG analysis performed by the defibrillator 
control box. 

In preferred implementations, the graphical interface illustrates the entire sequence 
of resuscitation activities that are recommended by the American Heart Association. As a 
result, the graphical interface helps both experienced and novice users to get through the 
early steps of patient care that are included in the AHA's resuscitation protocols. 

Moreover, because "a picture is worth a thousand words", the graphical interface 
reminds the caregiver of how the steps in the AHA's resuscitation protocols should be 
performed. For example, rather than simply prompting the caregiver to "check airway", 
the graphical interface reminds the caregiver that this means that the caregiver should 
perform the head-tilt chin lift maneuver. To provide the same information using audio or 
textual prompts alone could inundate the caregiver with detailed information that could 
confuse the caregiver. The graphical interface allows the caregiver to use his or her visual 
senses in order to remember what to do at each step during the rescue. The pictures may, 
also, be helpful when the rescue is being performed in a noisy environment when voice 
prompts may be hard to hear. 

Other features and advantages of the invention will be apparent from the 
description and drawings, and from the claims. 
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DESCRIPTION OF DRAWINGS 

Fig. 1 is a perspective view of an AED with its cover on. 

Fig. 2 is a perspective view of the AED of Fig. 1 with the cover removed. 

Fig. 3 is a plan view of the graphical interface decal used on the cover of the AED 

5 of 
Fig- I. 

Fig. 4 is a plan view of the graphical interface decal used on the control box of the 
AED of Fig. 1, as shown in Fig. 2. 

Fig. 5 is a flow chart indicating audio prompts provided during use of the AED of 
Fig. I and steps to be performed by the caregiver in response to the graphical and audio 
prompts. 

Fig. 6 is a plan view of a graphical interface decal used on the underside of the 
cover of the AED of Fig. 1 . 

DETAILED DESCRIPTION 

Referring to Fig. 1, an automated external defibrillator 10 includes a removable 
cover 12 and a control box 14. The defibrillator 10 is shown with cover 12 removed in 
Fig. 2. An electrode assembly 16 (or a pair of separate electrodes) is connected to the 
control box 14 by a cable 1 8. Electrode assembly 16 is stored under cover 12 when the 
defibrillator is not in use. 

Control box 14 includes a power button 1 5 and a status indicator 17. Status 
indicator 1 7 indicates to the caregiver whether the defibrillator is ready to use. 

The cover 12 includes a cover decal 20 (Figs. 1 and 3) including a logo 22 and a 
series of graphics 24, 26 and 28. Logo 22 may provide information concerning the 
manufacturer of the device and that the device is a defibrillator (e.g., "Zoll AED", as 
shown in Fig. 3, indicating that the device is a Semi-automatic External Defibrillator 
available from Zoll Medical). Graphics 24, 26 and 28 lead the caregiver through the initial 
stages of a cardiac resuscitation sequence as outlined in the AHA's AED treatment 
algorithm for Emergency Cardiac Care pending arrival of emergency medical personnel . 
(See "Guidelines 2000 for Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Care. Supplement to Circulation," Volume 102, Number 8, August 22, 2000, pp. 1-67.) 



WO 03/02452 1 



PCT/US02/2SWI7 



Thus, graphic 24, showing the caregiver and patient, indicates that the caregiver should 
first check the patient for responsiveness, e.g., by shaking the patient gently antfaskingif 
the patient is okay. Next, graphic 26, showing a telephone and an emergency vehicle, 
indicates that the caregiver should call for emergency assistance prior to administering 
5 resuscitation. Finally, graphic 28 indicates that after these steps have been performed the 
caregiver should remove the lid 12 of the defibrillator, remove the electrode assembly 16 
stored under the lid, and turn the power on by depressing button 15. The graphics are 
arranged in clockwise order, with the first step in the upper left, since this is the order most 
caregivers would intuitively follow. However, in this case the order in which the caregiver 
10 performs the steps is not critical, and thus for simplicity no other indication of the order of 
steps is provided. 

The cover may also include a slot 28 (Fig. 1), through which a card bearing local 
emergency information can be inserted and a transparent window 30, communicating with 
slot 28, through which the card can be viewed. Alternatively, or in addition, this 

15 information can be displayed on a decal to be applied to the cover by a user, e.g., phone 
number decal 32 (Fig. 1) applied to area 34 (Fig. 3) of cover decal 20. These features 
allow the emergency information to be customized for a particular location and to be easily 
updated if changes occur. 

The control box includes a control box decal 40, shown in Figs. 2 and 4. Decal 40, 

20 like decal 20, includes a series of graphics 42-49 (Fig. 4). In this case, the graphics are 
configured to lead the caregiver through the entire resuscitation sequence, as will be 
explained below with reference to Fig. 5. Decal 40 also includes a center graphic 50, 
which includes representations of a hand 52 and a heart 54 (Fig. 4). Center graphic 50 
overlies a treatment button which, when depressed, causes the defibrillator to deliver a 

25 defibrillating shock to the electrode assembly 16. 

Each of the graphics on control box decal 40 is accompanied by a light source that 
can be temporarily illuminated to indicate that the illuminated step should be performed at 
that particular time. These light sources guide the caregiver, step-by-step, through the 
resuscitation sequence, indicating which graphic should be viewed at each point in time 

30 during resuscitation. 
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The light source for each of the graphics 42-49 is preferably an adjacent LED 
(LEDs 56, Fig. 2). The heart 54 may be translucent and backiit by a light source in the 
control box (not shown). Alternatively, the heart 54 may include an adjacent LED (not 
shown) and/or the hand 52 may include an LED 57 as shown. 

LEDs 56 and 57 are mounted on the control box and are visible through openings 
in the decal 40. When the heart 54 and/or hand 52 is illuminated, this indicates to the 
caregiver that the underlying treatment button should be depressed to administer a 
defibrillating shock, as will be discussed in further detail below. 

Programmable electronics within the control box 14 are used to determine when 
each of the light sources should be illuminated. 

The illumination and subsequent turning off of the LEDs adjacent to graphics 42- 
45 is based on the amount of time that has elapsed since the caregiver turned the power on 
by depressing button 15. The elapsed time is measured by the programmable electronics 
and used to illuminate each of the LEDs associated with graphics 42-45 in turn. A time 
lapse of about 2 to 15 seconds is allowed between each illumination, to allow the caregiver 
an appropriate amount of time to perform each step. These time intervals vary from a few 
seconds for graphic 42 (check responsiveness) to 10 or more seconds for graphic 44 (open 
airway, check for breathing). 

The illumination of the LED adjacent to graphic 46 is based on the elapsed time, 
while the subsequent turning off of this LED is based on whether the impedance measured 
by the programmable electronics indicates that the electrodes of electrode assembly 16 
have been correctly positioned on the patient. This LED remains lit until the correct 
impedance between the electrodes is detected, e.g., an impedance of less than 300 ohms: 

The illumination and turning off of the LEDs adjacent to graphics 47-49, and of the 
light behind heart 54, is based on ECG data that is acquired by electrode assembly 16 and 
analyzed by the programmable electronics, as will be discussed below with reference to 
Fig. 5. 

The programmable electronics may also provide audio prompts, timed to coincide 
with the illumination of the light sources, as will also be discussed below with reference to 
Fig. 5. 
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Fig. 5 illustrates, in flow chart form, the use of the graphics on decal-40, and 
accompanying visual and audio prompts, by a caregiver performing resuscitation; The text 
in boxes indicates steps performed by the caregiver. The text in caption balloons, with ear 
symbols, indicates audio prompts generated by the defibrillator. 
5 Thus, when a person collapses and a caregiver suspects that the person is in cardiac 

arrest (100), the caregiver first gets the defibrillator and turns the power on (102). If the 
unit passes its internal self tests, and is ready for use, this will be indicated by indicator 17, 
as discussed above. Next, the defibrillator prompts the caregiver with an introductory 

audio message, e.g., "Stay calm. Listen carefully." (Audio prompt 104:)" 

10 Shortly thereafter, the defibrillator will prompt the caregiver with an audio message 

indicating that the caregiver should check the patient for responsiveness (audio prompt 
106). Simultaneously, the LED adjacent graphic 42 will light up, directing the caregiver to 
look at this graphic. Graphic 42 will indicate to the caregiver that she should shout "are 
you OK?" and shake the person (step 108) in order to determine whether the patient is 
15 unconscious or not. 

After a suitable period of time has elapsed (e.g., 2 seconds), if the caregiver has not 
turned the defibrillator power off (as would occur if the patient were responsive), the 
defibrillator will give an audio prompt indicating that the caregiver should call for help 
(audio prompt 1 10). Simultaneously, the LED adjacent graphic 42 will turn off and the 
20 LED adjacent graphic 43 will light up, directing the caregiver's attention to graphic 43. 
Graphic 43 will remind the caregiver to call emergency personnel (step 1 12), if the 
caregiver has not already done so. 

After a suitable interval has been allowed for the caregiver to perform step 112 
(e.g., 2 seconds since audio prompt 1 10) the defibrillator will give an audio prompt 
25 indicating that the caregiver should open the patient's airway and check whether the 

patient is breathing (audio prompt 1 14). The LED adjacent graphic 43 will turn off, and 
the LED adjacent graphic 44 will light up, directing the caregiver's attention to graphic 44, 
which shows the proper procedure for opening a patient's airway. This will lead the 
caregiver to lift the patient's chin and tilt the patient's head back (step 1 16). The caregiver 
30 may also position an airway support device under the patient's neck and shoulders, if 

10 



BNSDOCtD: <WO 03024S21A2 I > 



WO 03/024521 



PCT/US02/2XSI7 



desired, as discussed below with reference to Fig. 7. The caregiver will then check to 
determine whether the patient is breathing. 

After a suitable interval (e.g., 15 seconds since audio prompt 1 14), the defibrillator 
will give an audio prompt indicating that the caregiver should check for signs of 
5 circulation (audio prompt 1 18), the LED adjacent graphic 44 will turn off, and the LED 
adjacent graphic 45 will light up. Graphic 45 will indicate to the caregiver that the patient 
should be checked for a pulse or other signs of circulation as recommended by the AHA 
for lay rescuers (step 120). 

After a suitable interval (e.g., 5 to 7 seconds since audio prompt 1 18), the" 
10 defibrillator will give an audio prompt indicating that the caregiver should attach electrode 
assembly 16 to the patient (audio prompt 122), the LED adjacent graphic 45 will turn off, 
and the LED adjacent graphic 46 will light up. Graphic 46 will indicate to the caregiver 
how the electrode assembly 16 should be positioned on the patient's chest (step 124). The 
defibrillator will periodically repeat audio prompt 122 every 15 seconds until the 
15 electrodes are properly connected to the patient. 

When the impedance data received from the electrode assembly indicates that the 
electrodes are properly positioned and in contact with the patient's skin, the defibrillator 
will stop audio prompt 122 and turn off the LED adjacent graphic 46. At this point, the 
LED adjacent graphic 47 will light up, and the defibrillator will give an audio prompt 
20 indicating that the patient's heart rhythm is being analyzed by the defibrillator and the 
caregiver should stand clear (audio prompt 1 26). While this LED is lit, the defibrillator 
will acquire ECG data from the electrode assembly, and analyze the data to determine 
whether the patient's heart rhythm is shockable. This analysis is conventionally performed 
by AEDs. 

25 If the defibrillator determines that the patient's heart rhythm is not shockable, the 

defibrillator will give an audio prompt such as "No shock advised" (audio prompt 128). 
The LEDs next to graphics 48 and 49 will then light up, and the defibrillator will give an 
audio prompt indicating that the caregiver should again open the patient's airway, check 
for breathing and a pulse, and, if no pulse is detected by the caregiver, then commence 
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giving CPR (audio prompt 130, step 132). Graphics 4S and 49 will remind the caregiver of 
the appropriate steps to perform when giving CPR: v k 

Alternatively, if the defibrillator determines that the patient's heart rhythm is 
shockable, the defibrillator will give an audio prompt such as "Shock advised. Stand clear 
of patient. Press treatment button." (Audio prompt 1 34.) At the same time, the heart 54 
and/or hand 52 will light up, indicating to the caregiver the location of the treatment 
button. At this point, the caregiver will stand clear (and warn others, if present, to stand 
clear) and will press the heart 54, depressing the treatment button and administering a 
defibri Hating shock (or a series of shocks, as determined by the defibrillator electronics) to 
the patient (step 136). 

After step 136 has been performed, the defibrillator will automatically reanalyze 
the patient's heart rhythm, during which audio prompt 126 will again be given and graphic 
47 will again be illuminated. The analyze and shock sequence described above will be 
repeated up to three times if a shockable rhythm is repeatedly detected or until the 
defibrillator is turned off or the electrodes are removed. After the third shock has been 
delivered, the device will illuminate LEDs 48 and 49 and issue the audio prompts 130/132. 
The device will keep LEDs 48 and 49 illuminated for a period of approximately one 
minute indicating that if CPR is performed, it should be continued for the entire minute. 
"Continue CPR" audio prompts may be repeated every 15-20 seconds during this period 
to instruct the user to continue performing chest compressions and rescue breathing. 

After approximately one minute has elapsed, the device will extinguish LEDs 48 
and 49 and illuminate LED 47. Audio prompt 126 (stand clear, analyzing rhythm) will 
also be issued and a new sequence of up to three ECG analyses/shocks will begin. 

If the caregiver detects circulation during step 132, the caregiver may turn off the 
defibrillator and/or remove the electrodes. Alternatively, the caregiver may not perform 
further CPR, but nonetheless allow the device to reanalyze the ECG after each one minute 
CPR period in order to provide repeated periodic monitoring to ensure the patient 
continues to have a non-shockable rhythm. 

Thus, in the continuing presence of a shockable rhythm, the sequence of three ECG 
analyses and three shocks, followed by one minute of CPR, will continue indefinitely. If, 
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instead, a non-shockable rhythm is or becomes present, the sequence will be analyze/no 
shock advised, one minute of CPR, analyze/no shock advised, one minute of CPR, etc. 
When a shock is effective in converting the patient's heart rhythm to a heart rhythm that 
does not require further defibrillating treatment, the sequence will be: analyze/shock 
5 advised, shock (saves patient), analyze/no shock advised, one minute CPR period (if pulse 
is detected then caregiver will not do CPR during this period), analyze/no shock advised, 
one minute CPR period, etc., continuing until the caregiver turns the defibrillator (e.g., if 
the caregiver detects a pulse) or the electrodes are removed. 

If electrode contact is lost at any time (as determined by the impedance data 
10 received from the electrode assembly), this will result in an appropriate audio prompt, such 
as "check electrodes" and illumination of the LED adjacent graphic 46. 
Other embodiments are within the scope of the following claims. 
For example, the graphics on the center decal can be accompanied by any desired 
light source. For instance, if desired, all of the graphics can be translucent, and can be 
15 backlit. Alternatively, the graphics can be provided in the form of LED images, rather than 
on a decal. 

While it is generally preferred that audio prompts and visual (light source) prompts 
be used, these features may be omitted if desired. 

Moreover, while the electrodes have been illustrated in the form of an integral 
20 electrode assembly, separate electrodes may be used. 

In preferred implementations, generally all of the graphically illustrated steps are shown at 
the same time, e.g., as illustrated by the decal described above. This arrangement allows 
the caregiver to see the steps that will be performed next and thus anticipate the next step 
and begin it early if possible. However, alternatively, the graphics can be displayed one at 
25 a time, e.g., by using a screen that displays one graphic at a time or backlit graphics that 
are unreadable when not back lit. This arrangement may in some cases avoid 
overwhelming novice or lay rescuers, because it does not present the caregiver with too 
much information all at the same time. 

If desired, each graphic could have an associated button which, when pressed, 
30 causes more detailed audio prompts related to that graphic to be output by the defibrillator. 
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The cover 12 of the AHD may include a decal on its underside, e.g., decal 200 
shown in Fig. 7. Decal 200 illustrates the use of the cover as a passive airway support 
device, to keep the patient's airway open during resuscitation. Graphic 202 prompts the 
caregiver to roll the patient over and place cover 12 under the patient's shoulders, and 
graphic 204 illustrates the proper positioning of the cover 12 under the patient to ensure an 
open airway. 

While such a graphic is not included in the decal shown in Fig. 4, the decal 40 may 
include a graphic that would prompt the user to check to see if the patient is breathing. 
Such a graphic may iiicludeV eTg.ra picture of the caregiver with his ear next to the patient's 
mouth. The graphic may also include lines indicating flow of air from the patient's mouth. 

"Illuminated", "light up", and similar terms are used herein to refer to both a steady 
light and a blinking light. A blinking light may be used, if desired, to more clearly draw 
the user's attention to the associated graphic. 
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1. A defibrillator comprising: 

electrodes configured to be attached to a patient, to acquire data indicative of the 
patient's heart rhythm and to deliver a defibrillating shock if appropriate; 
5 a defibrillator control box connected to the electrodes; and 

on a portion of the defibrillator control box, a series of graphics configured to 
prompt a caregiver to perform a sequence of steps appropriate for treating a victim of 
suspected cardiac arrest . 

2. The defibrillator of claim 1 wherein the graphics include a picture configured to 
10 prompt the caregiver to check the patient for responsiveness. 

3. The defibrillator of claim 1 wherein the graphics include a picture configured to 
prompt the caregiver to call for emergency assistance. 

4. The defibrillator of claim 1 wherein the graphics include a picture configured to 
prompt the caregiver to open the patient's airway. 

15 5. The defibrillator of claim 4 wherein the picture illustrates how to open the 

patient's airway. 

6. The defibrillator of claim 1 wherein the graphics include a picture configured to 
prompt the caregiver to check the patient for signs of circulation. 

7. The defibrillator of claim 1 wherein the graphics include a picture configured to 
20 prompt the caregiver to attach the electrodes to the patient. 

8. The defibrillator of claim 7 wherein the picture illustrates where the electrodes 
should be attached. 
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9. The defibrillator of claim 1 wherein the graphics include a picture configured to 
prompt the caregiver to stand clear of the.patient. 

1 0. The defibrillator of claim 1 wherein the graphics include a picture configured 
to prompt the caregiver to press a treatment button to cause the defibrillator to administer a 
defibrillating shock. 

11. The defibrillator of claim i 1 wherein the graphics include a picture configured 
to prompt the caregiver to perform CPR. 

12. The defibrillator of claim 1 wherein the graphics include pictures illustrating 
procedures for chest compressions and rescue breathing. 

13. The defibrillator of claim 10 wherein the picture includes a heart symbol 
indicating the location of the treatment button. 

14. The defibrillator of claim 1 further comprising a treatment button configured to 
be pressed by the caregiver to cause the defibrillator to administer a defibrillating shock. 

15. The defibrillator of claim 1 further including a light source associated with 
each of the graphics in the series. 

16. The defibrillator of claim 15 further comprising electronics configured to 
sequentially illuminate the light sources. 

17. The defibrillator of claim 16 wherein the graphics include one or more pictures 
selected from the group consisting of: a picture configured to prompt the caregiver to 
check the patient for responsiveness; a picture configured to prompt the caregiver to call 
for emergency assistance; a picture configured to prompt the caregiver to open the patient's 
airway; a picture configured to prompt the caregiver to check the patient for signs of 
circulation; a picture configured to prompt the caregiver to attach the electrodes to the 
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patient; a picture configured to prompt the caregiver to stand clear of the patient; and a 
picture configured to prompt the caregiver to perform CPR. 

18. The defibrillator of claim 16 wherein the graphics include a picture configured 
to prompt the caregiver to press a treatment button to cause the defibrillator to administer a 

5 defibrillating shock. 

19. The defibrillator of claim 16 further comprising electronics configured to 
measure the time elapsed from the time at which the caregiver turned the power on to 
activate the defibrillator, and at least some of the light sources are sequentially illuminated 
based on the elapsed time. 

10 20. The defibrillator of claim 16 further comprising electronics configured to be 

preprogrammed with times for the illumination of the light sources, the times being based 
on a predetermined algorithm. 

21 . The defibrillator of claim 19 or 20 wherein the graphics include one or more 
pictures selected from the group consisting of: a picture configured to prompt the 

15 caregiver to check the patient for responsiveness; a picture configured to prompt the 

caregiver to call for emergency assistance; a picture configured to prompt the caregiver to 
open the patient's airway; a picture configured to prompt the caregiver to check the patient 
for signs of circulation; a picture configured to prompt the caregiver to attach the 
electrodes to the patient; a picture configured to prompt the caregiver to stand clear of the 

20 patient; and a picture configured to prompt the caregiver to perform CPR. 

22. The defibrillator of claim 16 further comprising electronics configured to 
acquire data from the electrodes, and at least some of the light sources are sequentially 
illuminated based on the data acquired from the electrodes. 
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23. The defibrillator of claim 16 wherein at least some of the lightsources are *' 
sequentially illuminated based on the time elapsed from the time at which a shock was last 
delivered to the patient. 

24. The defibrillator of claim 15 wherein the light sources comprise LEDs. 

5 25. The defibrillator of claim 1 further comprising electronics configured to 

provide audio prompts to the caregiver. 

26. The defibrillator of claim 25 wherein the audio prompts are associated with the 
series of graphics and are given sequentially to guide the caregiver through the sequence of 
steps. 

10 27. The defibrillator of claim 15 further comprising electronics configured to 

provide audio prompts to the caregiver. 

28. The defibrillator of claim 27, further comprising electronics configured to 
sequentially illuminate the light sources, wherein the audio prompts are associated with the 
series of graphics and with the sequential illumination of the light sources, to guide the 

15 caregiver through the sequence of steps. 

29. The defibrillator of claim 26 or 28 further comprising electronics configured to 
measure the time elapsed from the time at which the caregiver turned the power on to 
activate the defibrillator, and at least some of the audio prompts are timed to occur based 
on the elapsed time. 

20 30. The defibrillator of claim 26 or 28 further comprising electronics configured to 

acquire data from the electrodes, and at least some of the audio prompts are timed to occur 
based on the data acquired from the electrodes. 
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31. The defibrillator of. claim 26 or 28 wherein at least some of the audio prompts 
are timed to occur based on the time elapsed from the time at which a shock was last 
delivered to the patient. 

32. The defibrillator of claim 1 wherein at least some of the graphics are provided 
5 on a cover portion of the defibrillator control box. 

33. The defibrillator of claim 1 wherein at least some of the graphics are provided 
on the outside of the cover portion of the defibrillator. 

34. The defibrillator of claim 33 wherein the graphics on the cover portion include 
a picture indicating that the cover should be removed from the defibrillator. 

10 35. The defibrillator of claim 33 wherein the cover portion includes a space 

provided for local emergency information. 

36. The defibrillator of claim 35 wherein the cover portion includes a window 
behind which a card bearing local emergency information can be placed. 

37. The defibrillator of claim 1 wherein at least some of the graphics are provided 
15 in the form of backlit, translucent images. 

38. The defibrillator of claim 1 wherein at least some of the graphics are provided 
in the form of an electronic display. 

39. The defibrillator of claim 1 wherein at least some of the graphics are provided 
in the form of a decal. 

20 40. The defibrillator of claim 1 further comprising buttons, associated with at least 

some of the graphics, which, when pressed, cause more detailed audio prompts related to 
the associated graphic to be output by the defibrillator. 
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41. A system for prompting a caregiver in a resuscitation sequence for a patient - 
who may be suffering from cardiac arrest, comprising 

electrodes constructed to acquire data, indicative of the heart rhythm of the patient 
and indicative of whether the electrodes are properly placed on the patient, 

a defibrillator control box, connected to the electrodes, constructed to analyze data 
received from the electrodes and to measure the time elapsed since the defibrillator control 
box was activated by the caregiver and/or since the last shock was delivered to the patient; 



a user interface constructed to display information concerning the appropriate step 
10 of the resuscitation sequence to be performed by the caregiver at a particular time, based 
on the data received from the electrodes and the elapsed time. 

42. A defibrillator comprising: 

electrodes configured to be attached to a patient, to acquire data indicative of the 
patient's heart rhythm and to deliver a deflbrillating shock if appropriate; 
15 a defibrillator control box connected to the electrodes; 

a treatment button configured to be pressed by a caregiver to deliver a deflbrillating 
shock, the location of the treatment button being indicated by a heart symbol; and 

electronics configured to cause the heart symbol to be temporarily illuminated if a 
shock is advised based on ECG analysis performed by the defibrillator control box. 

20 43. The defibrillator of claim 1 wherein the graphics include one or more pictures 

indicating that the caregiver should place a passive airway support under the shoulders of 
the patient. 

44. The defibrillator of claim 1 wherein the graphics include a picture configured 
to prompt the caregiver to check to see if the patient is breathing. 

25 45. The defibrillator of claim 20 wherein the algorithm takes into account one or 

more of the following items of data: (a) the time elapsed from the time at which the 
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previous light source in the sequence was first illuminated, and/or (b) the time elapsed 
from the last time a shock was delivered to the patient, and/or (c) the results of ECG 
analysis. 

46. The defibrillator of claim 26 or 28 further comprising electronics configured to 
5 be preprogrammed with times for the generation of the audio prompts, the times being 

based on a predetermined algorithm. 

47. The defibrillator of claim 46 wherein the algorithm takes into account one or 
more of the following items of data: (a) the time elapsed from the time at which the 
previous light source in the sequence was first illuminated, and/or (b) the time elapsed 

10 from the last time a shock was delivered to the patient, and/or (c) the results of ECG 
analysis. 



21 



8NSDOCID: <WO . 03024521 A2 J > 



WO OJ/02452 1 



PCT/US02/2XK17 




BNSDOCID: <WO. JJ3024521 A2 l.> 



i/r, 



WO 03/024521 



PCT/IJS02/2XSI7 




2/6 



BNSOOCID <WO. .0302452 1A2J > 



W O 03/02452 I 



PCT/US02/288I7 




FIG. 3 



BNSDOCID <WO 03024521 A2 



3/6 



WO 03/024521 



PCT/US02/2XSI7 




BNSDOCID. <WO 03024521 A2.1 > 



4/6 



WO 03/02452! 



PCT/US02/2K8I7 




5/6 

BNSDOClO:<WO 0302452 1A2 I > 



WO (13/024521 



PCT7US02/28KI7 




SNSOOCID. <WO__0302452IA2 I > 



616 



(12) INTKRNATIONAL APPLICATION PUBLISHKD UNDKR THK PATKNT COOPKRATION TRKATY (PCI ) 

(191 World liifcllcclual Properly 
Organization 
Imcniaiional Bureau 




(43) International Publication Date 

27 March 2003 (27.03.2003) PCT 



(10) International Publication Number 

WO 2003/024521 A3 



(51) International Pa ton I Classi fical ion 7 : 
(21) International Application Number: 



A61N 1/39 



1>CT/US2002/0288I7 

(22) hilcrnational Filing Dale: 

I I September 2002 ( I 1.09.2002) 



(25) .Filing Language: 

(2o"> Puhlicalioii Language: 



English 
English 



(30) Priority Data: 

(H/952,834 14 Septcmher 2001 (14.09.2001 ) US 

(63) Related by continuation (CON ) or continuation-in-part 
(OP) to earlier application: 

US 097952,834 (CON) 

Filed on 14 September 2001 (14.09.2001 ) 

(71) Applicant (for all designated States except US): ZM1) 
CORPORATION | US/US j; 34 1 I Silverside Road, Wilm- 
ington, DE 19810 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HAMILTON, Ward 

(US/US J; 73 Mack Hill Road, Amherst, NH 03031 (US). 



KALLKR, Frederick, \V. |US/US|; 10 Hillside Avenue. 
Burlington. MA 01803 (US». 

(74) Agent: LKK, Roger. G.\ Pish & Richardson. PC, 225 
Eranklin Streei. Boston. MA 021 10-2804 (US). 

(81 ) Designated States (national): All. AL AM, AT, AU. AZ. 
HA. BB. BCi. BR. B V. CA, CI L CN, CR, CU. CZ. DE, DK. 
..DM, EE, ES, I I. GB, CD, GIv GH^XIM; .MR,. HU, ID. || n 
IN. IS, JP KH. KG. KP. KR, KZ, LC, LK, LR, US, LT, LU. 
LV. MA, Ml). MG. MK. MN, MW, MX, NO, NZ. PL. PT. 
RO, RU, SD : SI:. SG, SI. SK, SL, TJ, TM ; TR. "IT. TZ. UA. 

UG, US : uz. vc. vn. ^tj. ZA, zw. 

(84) Designated States (regional): ARII>0 patent (GIL GM. 
KE, LS, MW, MZ. SO, SL, SZ, TZ. UG : ZM, ZW>. 
Eurasian patent (AM. AZ, BY, KG, KZ, Ml), RU. TJ, TM ). 
European patent < AT. BE. BG, CM, CY, CZ, DE, DK, Eli. 
ES, R, ER, GB. GR, IE. IT, LU, MC. NL ; PT, SE, SK. 
TR i, OAl>l patent < BE. BJ. CE, CG, CI, CM, GA. GN, GQ. 
GW, ML, MR. NE. SN. 'I'D, TG ). 

Published: 

— uith international search report 

(88) Date ol publication of the international search report: 

1 1 March 2004 

[Continued on next page/ 



(54) Title: DEFIBRILLATORS 



tn 
o 




(57) Abstract: Defibrillators are provided that include a graphical user interface 10 assist a earegivcr in administering resuscitation. 



BNSDOClD: <WO_.0302452iAi_i > 



WO 2003/024521 A3 I QII I lUIIIIj fl llliri II1U Illii IIIH Uil 1 11 IH fllit IfUl IfUl Hill Ifll Glf 10 III 1 1111011 ■ 



For two defter codes and other abbreviations, refer to the "Guid- 
ance Notes* hi Codex and Abbreviations" a ff. waring at the heghi- 
nitty, of each rryu/ar issue of the l*C'l' Gazette. 



BNSDOC1D. <WO_0302452iA3 l.> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US02/28817 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) A61N 1/39 

US CL 607/5 

According to International Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 607/5. 4. 5. 9 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



US 5,797,969 A (OLSON et al.) 25 August 1998). Fig. I, Fig. 4 and column 6. lines 7-21 
US 5.913,685 A (HUTCHINS et al.) 22 June 1999, Figs 3-4G 



1. 14. 41, 42 
2-7. II, 12, 27 



I | Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general suit of the an which is not considered to be 
of particular relevance 

*E" earlier application or patent published on or after the international filing date 

"L" document which may throw doubts on priority claim(s) or which is cited to 
establish the publication date of another citation or other special reason (as 
specified) 

"O" document referring to an oral disclosure, use. exhibition or other means 

"P" document published prior to the international filing date but later dian the 
priority date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a peison skilled in oV an 

document member of the same patent family 



Date of the actual completion of the international search 
17 November 2002 (17. 1 1 .2002) 



Name and mailing address of the ISA/US 

Conimissioner of Patents and Trademarks 
Box PCT 

Washington. DC. 20231 

Facsimile No. (703)305-3230 




^2 

/A^onzcrfoTficer 




Roderick BracTTor 
Telephone No. (703) 305-3287 



Form PCT/ISA/210 (second sheet) (July 1998) 



BNSDOCIO: <WO_03024521A3_1,> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



LT FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




